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Description 

BACKGROUND OF THE INVENTION 

Tetrazolium salts, such as 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl tetrazolium (INT), are very useful in the 
measurement of analytes which can be converted to an equivalent concentration of NADH due to the reduction of the 
tetrazolium salt to its corresponding formazan which reduction can be accurately measured by colonmetnc means. 

Atypical reagent system for determining glucose concentration in body fluids is based on reductive chemistry where- 
in the primary components are hexokinase (HK), adenosine triphosphate (ATP), glucose-6-phosphate dehydrogenase 
(G-6-PDH) diaphorase, nicotinamideadenine dinucleotide (NAD) and a tetrazolium salt as indicator. In operation, hex- 
okinase catalyzes the reaction in which, in the presence of glucose, a phosphate radical is taken from ATP thereby 
converting it to adenosine diphosphate to form glucose-6-phosphate which is oxidized in the presence of NAD and 
G-6-PDH thereby reducing NAD to NADH. The NADH, in the presence of diaphorase as electron acceptor, reduces the 
colorless tetrazolium salt to its colored formazan counterpart thereby providing a detectable response. The reaction 
steps, as represented by the following scheme, represent the determination of NADH as an indirect means of determ.nmg 
the glucose concentration in the test sample: 

HK 

Glucose > Glucose-6-phosphate - ADP > 

ATP 

NAD 

. > NADH + Oxidized Glucose-6-Phosphate 

[G-6-PHD] 

Tetrazolium Salt (Colorless) 
. . > NAD + 
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[Diaphorase] Formazan 

(colored) 



The utility of tetrazolium salts in such systems for detecting such analytes is proportional to the.r solubility in 
water or suitable organic solvents. This is particularly true in the case of dry reagent diagnostic test devices, such as 
Tie in wSa tetLolium salt is disserved in a polar organic solvent for impregnation into a earner matrnc such as 
pa'er or a polymer matrix or dissolved in an aqueous solution of a film forming polymer such as f^™^™ 
satt indicators are typically used with gelatin film and other dry reagent formulations which employ diaphorase or a 
Srnlc^ 

the reduchg^alents that originate from the influx of an analyte such as glucose. In most cases, in order to obtam 
a ^^afonaSZToating of the L forming polymer and to provide a sufficient supply of the ind,cator withm the porous 
matrix the concentration of indicator must be in the range of 0.05M to 0.1 5M or more. 

Uned States patent 1.892,019 discloses the increased water solubility of benzy.morphine 
alkvl sulfonic acid e g. methane or ethanesuffonic acid, by formation of the corresponding salt. U.S. patent 4 334,071 
tSS^S^Jn^ of the solubility of i7-oyclobutylmethyl-3-hydroxy-8p-methy.-6-methy.ene morphmane by 
45 converting its chloride salt to the corresponding methanesulfonate. „ m ™h«» 
Unied States patent 3,655,382 discloses tetrazolium thiazolium salts in which the counteranion can be chloride, 
M^S^lSLi ihiosuifate, sulfate, paratoluenesul.onate. methylsu.fate, ethy. su.fate, nitrate, acetate, per- 

-te that one of the objects of their invention is to provide a novo. 
Hoht sens Se pStogS^ material containing a tetrazolium compound. They point out that this and other ejects can 
TJZ^1£S£l photographic materi. which comprises a support and at least one light sens^e s.lver hahde 
Se^nd another Mrophylic colloidal layer coated on the support, one of which layer contains a tetrazolium sal They 
pdn out that where" the'salt o, a tetrazolium compound is used as a non-diffusible ingred.ent. such a <J . 
thesized by reacting a tetrazolium cation with an anion capable of making the selected I compound non-d.ffus,b * Coun 
Sons such as those derived from higher alkylbenzenesulfonic acids, e. g. dodecy.benzenesuKomc acid or a h.gher 
aiwvi cnifiirir arid ester such as lauryl sulfate are disclosed. 

a,kV UnS sSi Stent 5,036,000^sc.oses that, in a system for quantitative colorimetric analysis of 
involving NAD(P)H and a chromogen, tetrazolium salts are conveniently used. Th.s reference goes on to note that the 
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concentration of the tetrazolium salt is rather limited by its solubility. 

SUMMARY OF THE INVENTION 

s The present invention involves certains salts of tetrazolium compounds which exhibit unexpectedly high solubility 

in polar solvents. These salts include a counteranion of the formula: 

o o 



10 



II 

o 



or 



is Also inclused within the scope of this invention is a diagnostic test device comprising a reagent system incorporated 
into a carrier matrix containing one or more of the sulfonate and/or phosphate tetrazolium salts, 
wherein R is a straight or branched alkyl group of form 1 to 7 carbon atoms or phenyl and wherein the tetrazolium cation 
is represented by the formula: 



20 



25 



30 




wherein X© is the counteranion, R 1 and R 3 are phenyl groups and R 2 is phenyl or 2-thiazol wherein the phenyl groups 
are unsubstituted or substituted as represented by the formula 



40 




45 wherein the Y group, which can be the same of different are alkoxy, aryloxy, alkyl, amido, alkylamido, alkylthio, arylthio, 
halo, hydrogen, hydroxy, carbamoyl, carbalkoxy, carboxyl, cyano, nitro, sulfo, sulfoamido, sulfanoyl, trialkylamino or 
ureido. 



50 



DESCRIPTION OF THE INVENTION 

The tetrazolium salts of the present invention can be represented by the formula: 
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R 1 J 

// \ X 



T 



10 



15 



wherein X@ is the counteranion as defined above, R 1 and R 3 are phenyl groups and R 2 is phenyl or 2-thiazolyl. The 
phenyl and optional thiazol groups can be substituted or unsubstituted. More specifically, R 1 , R 3 and optionally R 2 can 
be represented by, but are not limited to, the formula: 




20 



25 



30 




wherein the Y groups (Y 1 , Y 2 , Y 3 or Y 4 ) which are the same or different can be, for example, alkoxy, aryloxy, alkyl, amido, 
alkylamido, arylamido, alkylthio, arylthio, halo, hydrogen, hydroxy, carbamoyl, carbalkoxy, carboxyl, cyano, nitro, sulfo, 
sulfonamide sulfamoyl, trialkylamino or ureido groups. 

When R 2 is a thiazole group, it can be unsubstituted or substituted. For example, where the thiazole group is rep- 
resented by the formula: 




35 



40 



45 



50 



where R 4 and R 5 are hydrogen or some other substituent. 

In a preferred embodiment of the present invention, the R 1 and R 3 moieties of the tetrazolium salt are as described 
above and R 2 is a thiazole group in which R 4 and R 5 together form a benzo ring which is substituted or unsubstituted; 
R 4 is carboxyl, carbalkoxy. carbamoyl, or cyano and R 5 is alkyl or chloro; R 4 is alkyl or aryl and R 5 is carboxyl, carbalkoxy, 
carbaryloxy, carbamoyl or cyano; R 4 is di- or trifluoroalkyl wherein the fluoro substituents are on the carbon adjacent to 
the thiazolyl residue; or one or both of R 4 and R 5 are substituted or unsubstituted phenyl, and if only one is substituted 
phenyl, the other is hydrogen or alkyl. Among those tetrazolium cations which are particularly useful in the context of 
the present invention are those in which R 4 and R 5 together form a benzo ring to give a benzothiazoie residue having 
the formula: 




55 



wherein 



(i) R 6 and R 7 or R 7 and R 8 or R 8 and R 9 together form a benzo or cyclohexyl ring that is unsubstituted or substituted 
with alkoxy, aryloxy, alkyl, amido, alkylamido, arylamido, alkylthio, arylthio, amino, carbamoyl, carbalkoxy, cyano, 
halo, hydroxyl, sulfo, sulfonamide sulfamoyl, trialkylammonio, or ureido, and wherein the others, same or different, 
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15 



are hydrogen alkoxy, aryloxy, alkyl. amide, alkylamido, arylamido, alkylthio. arylthio. amino carbamoyl, carbalkoxy 
cyano halo, hydroxy!, ^sulfonamide, sulfamoyl, trialky.ammonio, or ureido. prov,ded that where R 7 and R* 
together form a benzo or cyclohexyl ring, R 6 is not hydrogen, or 

(in one or more of R* R 7 , R s , and R* is alkoxy, aryloxy, alkyl, amido, alkylamido, arylamido, alkylthio, arylthio, amino, 
carbamoyl, carbalkoxy. cyano, halo, hydroxyl, sulfo, sulfonamido, sulfamoyl, trialkylammonio, or ure,do, and the 
others, if any, are hydrogen. 

The salts of the present invention are most conveniently prepared by interaction of less soluble salts of the tetra- 
zolium compound vl an anion exchange resin which is converted to its alkyl or benzene sulfonate or phosphonate 
STtSSito is preferably carried out in the presence of an ion exchange resin due to the ease o purification 
Shis revered by hi technique. Thus, by using the ion exchange resin one can simply stir the tetrazohum saU ,n a 
Tu rv of he resin Sowed by filtration, concentration and crystallization to obtain the pure salt. Alternate procedures 
whS?nvo^X nSless soluble tetrazolium salt with the alkyl or benzene sulfonic or phosphoric aod or their salts 
"r e Sl However, when an ion exchange resin is used the excess sulfonate or phosphate tetrazohum 
•salt is attached to the resin and can be separated from the reaction mass by filtration. 

TheTlwing examples il.ustrate the genera, procedure for preparation of the tetrazolium salts of the present ,n- 
vention and their inclusion in analytical test devices. 

20 EXAMPLE 1 

A. Preparation of ion exchange resin (RSCT form). 
Sulfonic acid is added to 20 g of Amberlite IRA-400 (OH) ion exchange resin in 60 mL of water until a pH of1j>is 

B. Preparation of tetrazolium sulfonates. 

Aslurry ofSSgof tetrazolium salt, e.g. the tetefluoroborate, and 50 g of moist resin is stirred in 
for P 4 In cases where the tetrazolium salf s poor solubility inhibits the exchange, the rmxture ,s warmed to 40 a 

concentrated to a gum .ike residue whereupon the product precipes after stirring with 

ethyl acetate. 
35 C. Preparation of tetrazolium bromides. 

A slurry of 2 g of the tetrazolium tetrafluoroborate is stirred overnight with 50 mL of 48% hydrobromic acid. The 
mixture is then filtered and washed with 200 mL of water to yield the tetrazolium bromide. 

40 D. Preparation of tetrazolium tetrafluoroborates. 

Thase salts are oreoared by stirring the appropriate formazan with isoamylnitrate in the presence of 48% fluoroboric 
^TJS^rtKSL Product. . the product does not precipitate^ ether . added to force pre- 

cipitation. Nitrate salts are prepared in a similar manner in the absence of fluoroboric acid. 

45 

E. Solubility testing. 

" '"'Tel ™~SuTS » - - in T«* . m ** » — — " — 

INT 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl tetrazolium 

^MT2-Sf»^ 

MTM 2.(5^methoxyna P htho[1 ,2-d]thiazol-2-yl)-3-(3.4. 5-trimethoxy P heny.)-5-(4-methoxyphenyl) tetrazolium 
Me methyl 
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Et ethyl 

Pr propyl 

Bu butyl 

Pe pentyl 

Bz benzene 



TABLE I 



I — T 

Compound 




Solubility (m mol mL) 




Methanol 


Water 


INT Cl- 








INT MeSCV 


132-135 






MTT Br 




JOU 


1 o 


MTT MeS0 3 * 


189-193 


1150 


>1,000 


DCT Br 


189-191 


. 1U 




DCT BF 4 " 


239-241 


< 1 D 


<U.O 


DCT N0 3 - 


184-185 




o 
c. 


DCT MeSCV 


129-131 


>500 I 


73 


DCTEtS0 3 " 


157-159 


>600 


26 


DCT PrSCV 


174-176 


>650 


16 


DCT BzS0 3 - 


175-177 


>550 




DCMTBr 


167-169 


24 


<1 


DCMT BF 4 " 


231-233 


12.9 


2.7 


DCMT MeS0 3 " 


170-179 


>760 


248 


DCMT PrS0 3 " 


176-168 


>760 


23 


DCMTBuSQ 3 - 


183-185 


>700 


15 


DCMT PeS0 3 " 


198-200 


>700 


2.6 


MTM N0 3 " 


251-252 


7.6 




MTM MeS0 3 - 


257-258 


48 




MTMPrS0 3 - 


241-141 


100 




MTM BzS0 3 


251-251 


19 





From the data tabulated in Table I it can be determined that the conversion of the chloride salt of INT to its meth- 
anesulfonate increased its water solubility by a factor of greater than 1 0. The conversion of MTT bromide to the methane 
sulfonate provides an even greater increase in water solubility as well as increasing the salt's solubility in methanol. In 
the case of DCT, the bromide, tetrafluoroborate and nitrate salts are only marginally soluble in water and methanol 
whereas the methanesulfonate is highly soluble in both. As the size of the alkyl group increases, the water solubility 
decreases whereas solubility in methanol increases. The enhanced water solubility of these salts is significant since it 
facilitates the inclusion of adequate quantities of the tetrazolium salt into thin films of water soluble polymers such as 
gelatin. The high methanol solubility of the benzenesulfonate is also significant. The use of non-aqueous solvents in 
preparing the previously mentioned carrier matrix films is important because it enables one to deposit the indicator into 
the matrix from non-aqueous solutions wherein the liquid phase is a non-solvent for the reagent system used to create 
the detectable response. Typical carrier matrixes include bibulous materials such as filter paper or a nonbibulous material 
such as a membrane of a polymerized substance or a combination thereof. Accordingly, it is significant that methanol 
solubility of MTM is substantially increased by converting it to the methane- or propanesulfonate. The solubility of this 
tetrazolium compound decreases when it is converted to the benzenesulfonate but is still substantially greater than the 
nitrate. Conversely, no improvement in methanol solubility was observed for the paratoluene and naphthalene salts of 
these tetrazolium compounds. 

Further reference to Table I reveals that the water and methanol solubility of DCMT is greatly enhanced by conversion 
of the bromide or tetrafluoroborate salts to the corresponding methanesulfonate. As the length of the alkyl chain increas- 
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salt with the requis rtenyc iropn i p p tet razolium salt is applied, the R group is selected to 

vanous reagents rom a ^solut on ot^er than that f rom wn ^ ^ ^ ^ ^ ^ 

^te preparation of a polymer matrix, analytical device using a tetrazolium sa,t of the present invention is i.lustrated 
is by the following example. 



EXAMPLE II 



20 
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foot strip of a 6 m.l thick ^ fabric J th Methanol and determination of the indicator's concentration 
salt solution to cause saturation. Extraction of tne taoric wnn m roncentratjon of 4 . 5 „ mo |e/in2. After drying, the 

1 L x 0 006 moles/L = 0.006 moles extracted during aqueous impregnation. 

£H = 1.875% 

tions of these saltscomparabletothatac^ 

and methanol. However, the use of dimethylformam.de ,s u "^™'° S altf rom its methanol solution facilitates 

an established liver and kidney toxin. Furthermore, applicaton d 

theuseofatwodipprocedureforapplying^ 

achieved with the corresponding phosphonate salts. This is ; the case because yy fc 

similar manner to aid in the salt's solubility in various solvents. 

Claims 

1. Sulfonate and phosphonate salts of tetrazolium compounds wherein the anion is represented by the formula: 
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? 

R S 



© 

O or 



I 



G 



wherein R is a straight or branched alkyl group of form 1 to 7 carbon atoms or phenyl and wherein the tetrazolium 
cation is represented by the formula: 



R 



N 




N 



N N y 

//■ \ 



wherein X"3 is the counter anion, W and R3 are phenyl groups and R 2 is phenyl or 2-thiazolyl wherein the phenyl 
groups are unsubstituted or substituted as represented by the formula 




f \v__y 3 



wherein the Y groups, which can be the same or different are alkoxy, aryloxy, alkyl, amido, alkylamido, aryiamido, 
alkytthio, arylthio, halo, hydrogen, hydroxy, carbamoyl, carbalkoxy, carboxyl, cyano, nitro, sulfo, sulfoamido, sul- 
fanoyl, trialkylamino or ureido. 

The tetrazolium salts of Claim 1 wherein R 2 is substituted or unsubstituted thiazol characterized by the formula: 




wherein R 4 and R 5 together form a benzb ring which is substituted or unsubstituted or R 4 is hydrogen, carboxyl, 
carbalkoxy, carbamoyl, or cyano and R 5 is hydrogen, alkyl or chloro or R 4 is alkyl or aryl and R 5 is carboxyl, car- 
balkoxy, carbaryloxy, carbamoyl or cyano or R 4 is di- or trifluoroalkyl wherein the fluoro substituents are on the 
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carbon adjacent to the thiazole residue; or one or both of R* and R 5 are substituted phenyl and if only one is 
substituted phenyl, the other is hydrogen or alkyl. 

3. The tetrazolium salts of any of Claims 1 and 2 wherein R* is difluoromethyl and R* is chloro. 

4. ThetetrazoliumsaltsofanyofClaims^ 
residue having the formula: 



70 



15 



20 



25 



30 




wherein 



ID R6 and R? or R? and RB and R 9 together form a benzo or cyclohexyl ring that is unsubstituted or substituted 
2th atkoxy an/toxy alky., carbamoyl, carbalkoxy. cyano, halo, hydroxy), sulfo. sulfonamrio, sulfamoy tr, 
Xlam^o 'or 7reS and where the others, which can be the same or different are hydrogen, a.koxy arytoxj 
2 amido alkylamido, arylamido, alkylthio, arylthio, amino, carbamoyl, carbalkoxy, cyano halo, hydroxyl 
2, sSonamioo Tulfamoyl, trialkylamino or ureido provided that when R 7 and R* together form a benzo or 
cyclohexyl ring, R 6 is not hydrogen, or 

(in one or more of R 9 R 7 , R 8 and R 9 is alkoxy. aryloxy, alkyl, amido. alkylamido, arylamido, alkylthio, arylthio, 
1Z ca*amoy. carbalkoxy. cyano. halo, hydroxyl, sulfo. sulfonamido. sulfamoy., tnalky.am.no or ure.do. 

5 The tetrazolium salts of Claim 4 wherein the cation is 2-(4-difluoromethyl-5-chlorothiazol-2-yl)-3-(3 A5-trimethoxy- 
^Z™Z iXenedioxyphenyl) tetrazolium or 2-(4^uoromethy.-5-ch .orothiazol-2-yl)-3-(2-methoxyphe- 

35 n yl)-5-(3,4-methylenedioxyphenyl) tetrazolium. 

6 A method of applying a tetrazolium salt to a matrix carrier materia, which comprises earrier 
mSal with an aqueous or alcoholic solution of the tetrazolium sal. accord.ng to any of Claims 1 - 5. 

40 7. A method of preparing a dry reagent analytical device which involves: 

a) contacting the matrix carrier material with a alcohol solution of a tetrazolium salt according to any one of 
Claim 1-5; 

45 b) allowing the alcohol to evaporate; 

^S"SS^ 9 " ILan S «o. to d.po.i. to. MM** c™p<toento oC to. reagent button toto to 

as the colorless tetrazolium salt is reduced to its corresponding colored formazan. 

8. Use of the tetrazolium salt as defined in claims 1 - 5 in the determination of an analyte. 

9. A diagnostic reagent containing a tetrazolium salt according to any one of claims 1 - 5. 

10. A diagnostic test device comprising a reagent system incorporated into a carrier matrix containing one or more o. 
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5 



the tetrazolium salts according to any one of claim 1-5. 
Patentanspruche 

1 . Sulfonat- und Phosphonatsalze von Tetrazoliumverbindungen, worin das Anion durch die Formel dargestellt ist: 



20 



25 



R— S— 0° R-P— O 

jij . Oder 0° 

is worin R eine gerade oder verzweigle Alkylgruppe mit 1 bis 7 Kohlenstoflatomen oder sine Phenylgruppe ist. und 

worin das Tetrazolium-Kation durch die Formel dargestellt ist: 

R 1 ,r 2 



N — N X 



// \ 

R 3 

30 worin X- das Gegenanion, Ri und R3 Phenylgruppen und R* eine Phenyl- oder 2-Thiazolylgruppe sind, worin die 

Phenylgruppen unsubstituiert oder substituiert und durch die Formel dargestellt sind: 



35 



40 



45 



50 



ss 




worin die Y-Gruppen. die gleich oder verschieden sein konnen, Alkoxy-, Aryloxy-, Alkyh Amido-, Alkylamido, Aryl- 
Ldo-. Arylthio Gruppen. Halogen, Wasserstoff, Hydroxy-. Carbamoyl-. Carbalkoxy, Carboxyl, Cyano-. Nrtro, 
Sulfo-. Sulfoamido-, Sulfamoyl-. Trialkylamino- oder Ureido-Reste sind. 

2. Tetrazoliumsalze gemaR Anspruch 1, worin R* eine substituierte oder unsubstituierte Thiazolgruppe ist. die durch 
die Formel gekennzeichnet ist: 
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worin R 4 und R 5 zusammen einen Benzolring bilden, der substituiert Oder unsubstituiert ist. oder worm R 4 Wasser- 
stoft sine Carboxyl-, Carbalkoxy-, Carbamoyl- oder Cyano-Gruppe und R 8 Wasserstoff . eine Alkylgruppe oder Chlor 
Oder R 4 eine Alkyl- oder Arylgruppe und R 8 eine Carboxyl-, Carbalkoxy-, Carbaryloxy-, Carbamoyl- oder Cyano- 
aruope oder R 4 eine Di- oder Trifluoralkylgruppe sind, worin sich die Fluor-Substituenten am zum Th.azolrest 
benachbarten Kohlenstoffatom befinden, oder worin einer oder beide der Reste R 4 und R 8 substituierte Phenyl- 
gruppen sind, und wenn nur einer eine substituierte Phenylgruppe ist, der andere Rest Wasserstoff oder e.ne Alkyl- 
gruppe ist. 

Tetrazoliumsalze gemaB Anspruch 1 oder 2, worin R 4 der Difluormethylrest und R 8 Chlor sind. 

Tetrazoliumsalze gemaB Anspurch 1 oder 2, worin R 4 und R 8 zusammen einen Benzolring bilden, urn einen Ben- 
zthiazolrest zu ergeben, der die Formel aufweist: 




worm 



(I) R 6 und R 7 oder R 7 und R 8 oder R B und R 9 zusammen einen Benzolring oder Cyclohexylring bilden, die 
unsubstituiert oder mit einem Alkoxy-, Aryloxy-, Alkyl-, Carbamoyl-, Carbalkoxy-, Cyano-, Halo- Hydroxyl-, 
Sulfo- Sulfonamide-, Sulfamoyl-, Trialkylammonio- oder Ureidorest substituiert sind und worm die we.teren 
Reste', gleich oder verschieden, Wasserstoff, Alkoxy-, Aryloxy-, Alkyl-, Amido-, Alkylamido-. Arylam.do-, 
"rkylthio , AryUhio-, Amino-, Carbamoy.-, Carbalkoxy-, Cyano-, Halo-, Hydroxy!-. SuKo-, 
moyl-, Trialkylammonio- oder Ureidoreste sind, mit der MaBgabe, daB, wenn R 7 und R 8 zusammen e.nen Ben- 
zol- oder Cyclohexylring bilden, R 6 nicht Wasserstoff ist, oder worm 

(ii) einer odermehrere der Reste R 7 , R 8 und R 9 Alkoxy-, Aryloxy-, Alkyl-, Amido- Alkylamido-, Arylamido-. 
Alkylthio- Arylthio, Amino-, Carbamoyl-, Carbalkoxy-, Cyano-, Halo-, Hydroxyl-, Sulfo-. Sulfonamdo-, Sulfa- 
moyl-, Trialkylammonio- oder Ureidoreste sind. 

5 Tetrazoliumsalze gemaB Anspruch 4, worin das Kation das 2-(4-Difluormethyl-5-chlorthiazo|.2-yl) 

oder das 2-(4-Difluormethyl-5-chlorth,azol-2-yl)-3- 
(2-methoxyphenyl)-5-(3 ) 4-methylendioxyphenyl)tetrazolium-Kation ist. 
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6. Verfahren zur Aufbringung eines Tetrazoliumsalzes auf ein Matrix-Tragermaterial, wobei man das genannte 
Matrix-Tragermaterial mit einer wassrigen oder alkoholischen Losung des Tetrazoliumsalzes gemaB einem der 
Anspruche 1 bis 5 in Kontakt bringt. 

5 7. Verfahren zur Herstellung einer analytischen Vornchtung mit trockenem Reagens, wobei man: 

a) das Matrix-Tragermaterial mit einer Alkohol-Losung elnes Tetrazoliumsalzes gemaB einem der Anspruche 
1 bis 5 in Kontakt bringt, 

to b) den Alkohol verdampfen laBt und 

c) die das sich ergebende Tetrazoliumsalz aufweisende Matrix mit einer wassrigen Losung eines Rea- 
gens-Systems, das, bei Kontakt mit einem Analyt, eine Reihe von Reaktionen mit dem Ergebnis der Reduktion 
des Tetrazoliumsalzes zu seinem entsprechenden Formazan-Zustand einzugehen befahigt ist, in Kontakt 
15 bringt, urn die jeweiligen Komponenten der Reagens-Losung im Matrixmaterial abzuscheiden, ohne daraus 

eine signifikante Menge des Tetrazoliumsalzes wieder zu eluieren, urn, nach Trocknung, ein Indikator/Rea- 
gens-System breitzustellen, das bei Kontakt mit einer Losung des Analyt eine nachweisbare Reaktion ergibt, 
und zwar dadurch, daG das farblose Tetrazoliumsalz zu seinem entsprechenden gefarbten Formazan reduziert 
wird. 

20 

8. Verwendung des Tetrazoliumsalzes gemaB einem der Anspruche 1 bis 5 zur Bestimmung eines Analyt. 

9. Diagnostisches Reagens, enthaltend ein Tetrazoliumsalz gemaB einem der Anspruche 1 bis 5. 

25 10. Diagnostische Testvorrichtung, umfassend ein Reagens-System, das in eine Tragermatrix eingebracht ist, die eines 
oder mehrere der Tetrazoliumsalze gemaB einem der Anspruche 1 bis 5 enthalt. 
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Revendications 

1 . Sels sulfoniques et phosphoniques de composes de tetrazolium, dans lesquels I'anion est represents par la formule : 



? „ ... . I 



O ou 

s — o 

o ° 



P— 0° 



40 oCi R est un groupe alkyle lineaire ou ramifie ayant 1 a 7 atomes de carbone ou un groupe phenyle et le cation 

tetrazolium est represents par la formule : 



45 \© , 

N N Y ° 



// \ 




3 



R 



dans laquelle )0 est I'anion complementaire, R 1 et R 3 sont des groupes phenyle et R 2 est un groupe phenyle ou 
55 2-thiazoiyle, les groupes phenyle 6tant non substitues ou substitues comme represente par la formule 
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dans laquelle les groupes Y, qui peuvent etre identiques ou ditferents, sont des radicaux alkoxy , aryloxy alky e, 
amido halogeno, hydrogene, hydroxy carbamoyl carbalkoxy, carboxyle, 
cyano, nitro, sulfo, sulfamido, sultanoyle, trialkylamino ou ureido. 

Sels de tetrazolium suivant la revendication 1, dans lesquels R* est un thiazole substitue ou non substitue, carac- 
terise par la formule : 




30 



dans laquelle R 4 et R 5 torment ensemble un noyau benzenique qui est substitue ou non substitue ou bien R est 
SeThSoqene un radical carboxyle, carbalkoxy, carbamoyle ou cyano et R* est de I'hydrogene, un radical alkyle 
ouchCoubl^ 

mo^le ou cyano, ou bien R 4 est un radical di- ou trifluoralkyle dont les substituants fluoro sont porta ■ P« «™ 
de carbone adjacent au residu thiazole ; ou bien run de R 4 et R* ou les deux sont des groupes phenyle subst.tues 
et, si un seul est un groupe phenyle substitue, I'autre est de I'hydrogene ou un groupe alkyle. 

40 3. Sels de tetrazolium suivant I'une quelconque des revendications 1 et 2, dans lesquels R 4 est un groupe difluoro- 
methyle et R 5 est un radical chloro. 

4 Sels de tetrazolium survant Tune quelconque des revendications 1 et 2, dans lesquelles R 4 et R* torment ensemble 
un noyau benzenique pour realiser un residu benzothiazole repondant a la tormule : 

45 



50 
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dans 




laquelle (i) R* et R* ou bien R? et R* et R* torment ensemble un noyau benzenique ou cyclohexyle qui est 
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non substitue ou substitue avec un radical alkoxy, aryloxy, alkyle, carbamoyle, carbalkoxy, cyano, halogeno, 
hydroxyle, sulfo, sulfonamido, sulfamoyle, trialkylamino ou ureido et les autres, qui peuvent etre identiques ou dif- 
ferents, represented de I'hydrogene, un radical alkoxy, aryloxy, alkyle, amide, alkylamido, arylamido, alkylthio, aryl- 
thio, amino, carbamoyle, carbalkoxy, cyano, halogeno, hydroxyle, sulfo, sulfonamido, sulfamoyle, trialkylamino ou 
ureido, sous reserve que, lorsque R 7 et R 8 torment ensemble un noyau benzenique ou cyclohexyle, R 6 ne soit pas 
de I'hydrogene, ou bien (ii) run au moins de R 6 , R r , R 8 et R 9 est un radical alkoxy, "aryloxy, alkyle, amido, alkylamido, 
arylamido, alkylthio, arylthio, amino, carbamoyle, carbalkoxy, cyano, halogeno, hydroxyle, sulfo, sulfonamido, sul- 
famoyle, trialkylamino ou ureido. 

5. Sels de tetrazolium suivant la revendication 4, dans lesquels le cation est le 2-(4-difluoromethyl-5-chlorothia- 
zole^-yO-S^S^.S-trimethoxyphenyO-S-JS^-methylenedioxyphenyOtetrazolium ou le 2-(4-difluoromethyl-5-chloro- 
thiazole-2-yl)-3-(2-m6thoxyphenyl)-5-(3,4-methylenedioxyph6nyl)t6trazolium. 

6. Proced6 d'application d'un sel de tetrazolium a une matrice de support, qui comprend la mise en contact de cette 
matrice de support avec une solution aqueuse ou alcoolique du sel de tetrazolium suivant I'une quelconque des 
revendications 1 a 5. 

7. Proc6de de preparation d'un disposition analytique a reactif a I'etat sec, qui implique : 

a) la mise en contact de la matrice de support avec une solution alcoolique d'un sel de tetrazolium suivant I'une 
quelconque des revendications 1 a 5 

b) Pevaporation de I'alcool ; 

c) la mise en contact de la matrice resultante portant le sel de tetrazolium avec une solution aqueuse d'un 
systeme reactif qui, au contact d'un analyte, subit une serie de reactions qui aboutissent a la reduction du sel 
de tetrazolium en son etat de formazane correspondant, pour deposer les composants individuels de la solution 
de reactif dans la matrice sans en 6luer une quantite importante du sel de tetrazolium pour realiser, par sechage, 
un systeme indicateur/reactif qui, au contact d'une solution de I'analyte, donne une reponse detectable a mesure 
que le sel de tetrazolium incolore est reduit en son formazane colore correspondant. 

8. Utilisation du sel de tetrazolium tel que defini dans les revendications 1 a 5 dans le dosage d'un analyte. 

9. Reactif diagnostique contenant un sel de tetrazolium suivant I'une quelconque des revendications 1 a 5. 

10. Dispositif d'essai diagnostique comprenant un systeme reactif incorpore a une matrice contenant un ou plusieurs 
des sels de tetrazolium suivant I'une quelconque des revendications 1 a 5. 
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